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Probing a possible tRNA binding s ite  on 23S rRNA of the 50S 
ribosomal subunit
D irector: Walter E. H il l  —
The a v a i l ib i l i t y  of single-stranded rRNA regions on the 
surface of the 50S ribosomal subunits was investigated by 
hybrid ization  using complementary DNA probes. The o l i ­
gonucleotide S' dTAGGGACC which is complementary to the region 
2607-2614 on 23S rRNA of the 50S subunit was chemically 
synthesized using the phosphotriester approach. This probe was 
then hybridized to the 50$ subunits.
The resu lts  of the binding studies showed that the cDNA probe 
bound s p e c ific a lly  to lim ited  s ites  on the 50S subunit. The 
binding region(s) was id e n tifie d  by RNase H studies. The results  
indicated that th is  probe may be bound to two d iffe re n t rRNA 
regions. A computer search of the 23$ rRNA structure suggested 
two possible binding sites may be ava ilab le .
Although e a r l ie r  reports Indicated that one of the binding 
s ites  (bases 2607-2614) may be involved in tRNA binding.
Functional studies indicated that the rRNA region(s) to which the 
complementary probe bound was not a functional s ite  in tRNA 
binding and was not involved in protein synthesis.
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CHAPTER I 
INTRODUCTION
Ribosomes are macromolecuTar p a rtic le s  upon which protein synthesis 
is  carried out. Ribosomes are found in a l l  organisms and there are, of 
course, s tructura l d ifferences between ribosomes from d iffe re n t  
bio logical sources. However, i t  appears that a l l  ribosomes operate In a 
generally s im ila r way. The most extensively studied species of ribosome 
is th at of Escherichia c o l i . Like a l l  ribosomes, the E. co li ribosome 
consists of two unequal subunits. The large subunit (50S) consists of 
23S and 5S rRNA and 33 d iffe re n t proteins. The smaller subunit (30S) 
contains 16S rRNA and 21 d iffe re n t proteins.
The size and shape of the two ribosomal subunits have been defined 
by several groups. The 30S ribosomal subunit has been proposed to be an 
elongated p a rtic le  in which there is a "head" region comprising about 
one-third and a "body" region comprising the other tw o-thirds of the 
p a rtic le  (S to ff le r  and S to ffle r-M e ilic k e , 1980; Lake, 1980). These 
regions are separated by a constric tion  or neck. There are various 
models of the 30S subunit varying mainly in the degree of asymmetry and 
in some structural d e ta ils  such as the depth of the c le f t  and the shape 
of the protuburances (S to ff le r  and S to ffle r-M e ilic k e , 1980; Lake,
1980). The 50S subunit appears as an asymmetric trinodal p a r t ic le .
Three protuberances -  the so- called  L7/L12 s ta lk , the nose (centra l 
protuberance), and the L l-shoulder- appear on a hemisperical body 
(Stuhrmann et a l . , 1977; Lake, 1980; Kastner et a l . , 1981).
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One 30S and one 50S subunits associate, forming the 70S couple.
*The 70S ribosome appears to be rather symmetric, with the 30S subunit 
lying somewhat obliquely across the 50S subunit with the head of the 30S 
subunit near the LI shoulder on the 50S subunit. The platform  region of 
the 30S subunit faces the 50S subunit providing an in teresting  shielded 
area where some of the ribosomal function apparently occurs (Lake,
1980; Kastner et a l . , 1983).
B acterial ribosomes contain appoximately 30% protein  and 70% RNA. 
The ribosomal RNA molecules are not only structural components of the 
ribosome but are also thought to play a fu nctio na lly  important ro le  in 
the ribosome (N o lle r , 1984). Numerous resu lts  have shown th at the rib o ­
somal RNAs are dynamic molecules which are d ire c tly  involved in a number 
of the c a ta ly tic  functions of the trans la ting  ribosomes as dicussed 
below.
The discussion to fo llow  w il l  describe the structure and 
function of ribosomal RNAs in more d e ta il and w il l  focus on the tRNA 
binding s ites  on the ribosome which have been proposed in recent years
Ribosomal RNAs
E. co li ribosomes contain three ribosomal RNAs: 5S and 23S from 
the large subunit and 16S RNA from the small subunits. The sequences 
of these RNAs molecules are well defined: 5S RNA comprises 120 
nucleotides (Brownlee e t a l . , 1968); 23S RNA, 2904 nucleotides (Brosius 
e t a l . , 1980); and 16S RNA, 1542 nucleotides (Brosius et a l . , 1978; 
Carbon e t a l . , 1979).
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The knowledge of the primary structure is necessary fo r the 
construction of the secondary structure models. D iffe re n t approaches 
have been used to get experimental support fo r developing the 
secondary structure including:
1) Maximum predicted thermodynamic s ta b il i ty  due to base pairing
2) Cleavage using s ing le - or double-strand specific  nucleases
3) Chemical m odification of sp ecific  bases in single-stranded RNA
4) Intram olecular RNA cross-linking
5) Iso la tio n  and sequence analysis of double-stranded RNA
Comparison of ribosomal RNA sequences with analogous elements in
other organisms (e .g . rRNA from Bacillus sub til is ,  ch loroplast, 
mitochondria, e tc .)
Using the d iffe re n t methods outlined above, three models each fo r  
the secondary structure of the 16S RNA (N o lle r and Woese, 1981; Zwieb 
et a l . , 1981; S tie g le r e t a l . , 1981) and fo r the 23S RNA (Branlant 
et a l . , 1981; Glotz e t a l . , 1981; N o ller and Woese, 1981) have been 
proposed. Although the models agree with one another to a substantial 
extent, there are nevertheless a number of differences between them, 
some t r iv ia l  and some important. However, general features can be 
implied as fo llow :
1. About 50% of the nucleotides are involved in base p a irin g .
2. Long-range in teractions between the nucleotides are common.
3. The princ ipa l pattern of secondary structure is conserved 
between organisms although there are not extensive sequence homologies 
(Brimacombe, 1984).
The e lucidation  of the te r t ia ry  structure of the ribosomal RNA 
in the ribosome is of great in te res t although there is s ig n ifica n t  
likelihood th at the te r t ia ry  structure w ill  be very complex 
(Brimacombe e t a l . , 1983; N o lle r, 1984).
The structura l organization of rRNA in the ribosome has been 
analyzed by several techniques. Small-angle neutron scattering has 
indicated th at 16S RNA is t ig h t ly  packed, more towards the in te r io r  of 
30S subunit (Stuhrmann e t a l . , 1978). Some studies have suggested that 
the 16S rRNA structure in solution is iden tica l to that found in the 30S 
subunit (V as iliev  et a l . , 1978; Dunn and Wong, 1979). However other 
electron microscopic data and physical studies in solution indicate that 
16S RNA in the free  sta te  appears to be much more extended and 
asymmetric (Tam et a l . , 1981; Boublik et a l . , 1982). The RNase 
treatment and chemical m odification studies have shown that the 
association of proteins S4,S7,S8 and S15 leads to  considerable folding  
and a reduction in su sceptib lity  of many rRNA regions to the enzymes 
or chemical reagents. Therefore i t  is possible that rRNA is quite  
unfolded in the free  s ta te , but its  te r t ia ry  structure is constrained by 
in te raction  with the assembly proteins.
Immune electron microscopy has also been used to map the locations 
of several sp ec ific  regions of the ribosomal RNA w ith in  the subunits.
In th is  way the positions of the 5 '-end and 3 '-end of the 16S RNA were 
determined (Mckuskie-Olson and G li tz ,  197*9; Shatsky et a l . , 1979; 
Luhrmann e t a l . ; 1982). S im ila rly , the 3 '-end of the 5S (Shatsky et 
a l . , 1980; S to ffle r-M e ilic k e  et a l . , 1981) and of the 23S RNA (Shatsky 
et a l . ; 1980; S to ffle r-M e ilic k e  et a l . , 1981) were loca lized .
In tra  RNA cross-link  studies have also been used to study the 
packing of the RNA molecules. A number of in tra  RNA cross-links induced 
by UV irra d ia tio n  (Zwieb and Brimacombe, 1980; Glotz et a l . , 1981;
Stiege et a l . , 1982) and by in te rc a la tin g  psoralen derivatives  
(Wollenzien et a l . , 1979; Wollenzien and Cantor, 1980). Unfortunately, 
the results are s t i l l  too sparse to allow the prediction of a precise 
packing of the rRNA in s itu . Among the various methods used in probing 
the te r t ia ry  structures of the ribosomal RNAs, hybrid ization  of the RNA 
regions with complementary deoxyribonucleotides (cDNA) provides great 
advantages (Backendorf e t a l . , 1980; Skripkin et a l . , 1981; Mankin 
et a l . , 1981). Specific  binding of the rRNA segments with its  
complementary oligomers provides not only a clue fo r the structural 
arrangement, but also the functional aspect of the rRNA segment as 
w e ll. By blocking the exposed rRNA segment with the o ligonucletides, a 
number of functions can be tested.
Although the determination of the three-dimensional RNA structure  
in the ribosome is  s t i l l  in its  infancy, tremendous progress has been 
developed in the past few years. Thus, i t  is  expected th at by 
combination of the data from several approaches, the structure of rRNA 
in s itu  can be unraveled.
The important ro le  of rRNAs in ribosomal function and assembly has 
been accepted in the past few years. I t  not only provides a matrix fo r  
the assembly of ribosomal proteins but also partic ip ates  d ire c tly  in  
the function of ribosome (N o lle r, 1984). Among various functions of the 
rRNAs are those of specific  protein bindings (Zimmermann, 1980; Wower 
and Brimacombe, 1983), mRNA binding (Shine and Dalgano, 1974; S te itz  
and Jakes, 1975; Backendorf e t a l . , 1980), tRNA binding (Schwartz and 
Ofengand, 1978; Ofengand, 1980; Zimmermann, 1980; Oouthwaite et a l . , 
1983; Woese e t a l . , 1983; Barta  et a l . , 1984), a n tib io tic  resistance  
(Helser et a l . , 1972; Li et a l . , 1982), as well as subunit-subunit
in te ra c tio n , trans la tion  fac to r binding and probably a m ultitude of
other functions (Herr and N o lle r, 1979; Wickstrom, 1983).
tRNA Binding S ites on the Ribosome
On the ribosomes, a va rie ty  of events must take place in a 
coordinate fashion in  order to tran s la te  the information provided by 
the messenger RNA into  the correct amino acid sequence. There is  
evidence th at structural in te raction  between the RNA components, i . e .  
rRNAs, tRNAs and mRNA must play an important ro le  in ribosomal function  
(Woese, 1980; S te itz ,  1980). Therefore, numerous e ffo rts  have been
made to id e n tify  the s ites  of in te rac tio n  between them.
Knowledge of the spatia l arrangment of the 53 d iffe re n t ribosomal 
proteins in the in ta c t ribosome is a prerequ is ite  not only fo r the 
understanding of the structura l organization of the ribosome but also 
fo r the co rre la tio n  of ribosomal structure with function. Immune 
electron microscopy has provided considerable information on the 
topography of the protein on the ribosomal surface. The locations of 
a l l  21 proteins from the 30S subunit and 19 proteins from the 50S 
subunit have been published (S to ff le r  e t a l . , 1980; Lake, 1980) but 
many of these resu lts  have been questioned. D e fin itiv e  measurements are 
now emanating from neutron-scattering studies which provides the nearest 
neighbor distance of the ribosomal proteins in s itu  (Moore, 1980; 
Ramakrishnan et a l . , 1981; Nierhaus et a l . , 1983; Ramakrishnan e t a l .
1984). In tu rn , refined immune electron microscopy resu lts  supplement 
the neutron-scattering data and also position the proteins on subunits 
themselves. These two techniques can lead to an accurate mapping of the 
proteins on the subunits (G ir i e t a l . , 1984).
Combination of the protein topography data with data on the 
possible functional contribution of individual ribosomal proteins, as 
have been obtained with a f f in i ty  la b e llin g , reconstitu tion , and 
cross-linking  experiments provides a means to deduce the location of 
functional domains on the ribosome. Moreover, d ire c t lo c a liza tio n  of 
the functional domains by immune electron microscopy has been developed. 
This may be done e ith e r by using antibodies sp ec ific  fo r the molecules
which In te racts  with the ribosome, e .g . antibodies to factors or 
a n tib io tic s , or by using antibodies specific  fo r haptens which have been 
covalently bound to the ribosomal ligand to be localized (S to ff le r  and 
Wittmann, 1977; Lake, 1980; Wittmann, 1983).
Although the exact location of the tRNA binding s ites  on the 
ribosome is s t i l l  unknown, i t  is generally believed that the ribosome 
carries  at least two tRNA binding s ite s , the P s ite  and the A s ite  
(Watson, 1964; Leder, 1973). Two additional binding s ite s , the E s ite  
and the R s ite ,  have been proposed by Nierhaus (Rheinberger et a l . ,
1981) and Lake (Lake, 1980), respective ly . These various proposals w ill  
be discussed in the following paragraphs.
Two tRNA Binding S ite  Model
This model was introduced by Watson about 20 years ago (Watson, 
1964). I t  is comprised of two tRNA binding s ites : the A s ite  fo r  
ami noacyl tRNA and the P s ite  fo r peptidyl tRNA. The model is based on 
the puromycin reaction . The a n tib io tic  puromycin is an analog of the 
3 '-end of an ami noacyl tRNA. Therefore, i t  can bind to the A s ite  
moiety of the ribosomal peptidyltransferase center and can accept the 
peptidyl residue from a peptidyl tRNA located at the P s ite .  However, a 
peptidyl tRNA located at the A s ite  cannot trans fer i ts  peptidyl residue 
to a bound puromycin molecule. Thus, the A and P s ites  can be 
d e fin ite ly  distinguished: a peptidyl tRNA is located at the P s ite ,  i f  
i ts  peptidyl residue can be transferred to puromycin (puromycin sensi­
t iv e ) ;  a peptidyl tRNA is located at the A s ite ,  i f  i ts  peptidyl
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residue can not be transferred to a bound puromycin molecule (puromycin 
res is tan ce).
The main features of the two s ite  model can be summarized as 
followed:
1. The model comprises two tRNA binding s ite s .
2. Two tRNAs are present on the ribosome in the 
pre-translocation  state and only one tRNA in the post-translocation  
sta te .
3. The translocation is necessarily coupled to tRNA release.
4. Oeacylated tRNA is released from the P s ite .
However, i t  has been found th at the E. co li ribosome can bind 
three tRNA molecules simultaneously (Rheinberger e t a l . , 1981; 
Rheinberger and Nierhaus, 1983). Therefore, the three binding s ite  
model has been proposed.
Three tRNA Binding S ite  Model
Two separate models were established by two research groups. 
Rheinberger and Nierhaus introduced in addition to the well known A and 
P s ite s , the E s ite  (E stands fo r e x it  s i te ) .  The existance of the 
th ird  s ite  is based on the experimental evidence that there were three 
tRNA molecules per ribosome when the saturation experiments of ribosomal 
tRNA binding fo r deacylated tRNAfhe w@re performed. The E s ite  binds 
cognate deacylated tRNA in the presence of messenger RNA; without 
mRNA, there is no tRNA binding to th is  s ite .
The main features of th is  model are:
1. The model comprises three tRNA binding s ite s .
2. Two tRNAs are present on the ribosome in both pre- and 
post-translocational s ta tes .
3. The translocation  reaction is not necessarily coupled to tRNA 
re lease, i .e .  translocation  is  possible without a concomitant tRNA 
release.
4. Oeacylated tRNA is  not released from the P s ite  but is  
translocated to the E s ite .
5. Oeacylated tRNA is  released from the E s ite  upon binding of 
ami noacyl tRNA to the A s ite .
Another three binding s ite  model has been suggested by Lake (Lake, 
1980) who has designated the additional s ite  as the R s ite  (R stands fo r  
recognition s i te ) .  The existance of the recognition s ite  is based on 
the biochemical understanding of the elongation cycle. Since the f i r s t  
step of the elongation cycle involves the recognition of the codon by 
the correct aminoacyl tRNA-(EF-Tu)-GDP complex, the R s ite  described the 
physical state of the aminoacyl tRNA when bound to the ribosome during 
in i t ia l  codon recognition. Furthermore, the locations of a l l  three  
sites have been proposed (Lake, 1980) based on the knowledge of 
ribosomal elongation cycle and the location of proteins involved in tRNA 
binding. The A and P s ites  are located at the in terface between 
subnits in order fo r the anticodon to contact the messenger RNA on the 
30S subunit and the acceptor end of the tRNA to contact the peptidyl
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transferase on the 60S subunit. The R s ite  is located on the ex te rio r  
surface of the 30S subunit where 7 tRNA binding proteins are thought to 
e x is t.
Among these tRNA binding s ite s , the P s ite  is of greatest in te re s t  
in th is  study since the binding of tRNA to the ribosome at the P s ite  is 
suggested to be involved in the tRNA-rRNA interactions (P ea ttie  and 
Herr, 1981). Several binding s ites  on the rRNA have also been proposed 
by others (N o lle r and Woese, 1981; Woese et a l . , 1983; Barta et 
a l . , 1984). However, solid  evidence fo r these binding s ites has not yet 
been provided.
Having now discussed the structure and function of the rRNAs, and 
the tRNA binding s ites  on the ribosome as w e ll, in the following  
paragraphs I w il l  b r ie f ly  discuss chemical synthesis of DNA oligomers 
and ribonuclease H which are also c e n tra lly  important fo r th is  study.
Chemical Synthesis of DNA Oligomers
The current a v a l ib i l i ty  of chemically synthesized DNA oligomers is 
the re s u lt of almost three decades of development of increasingly fas te r  
and easier synthetic techniques. From the mid 1950's, when the 
synthesis of DNA was begun, through the mid 1970*s, when many research 
groups were involved in the synthesis of DNA, the techniques fo r DNA 
synthesis were too complicated to be accomplished by anyone but an 
experienced organic chemist. Today, the technique has been developed to 
the point that the short DNA fragments can be re ad ily  synthesized and 
p u rifie d  in ju s t two days by re la t iv e ly  untrained ind iv iduals .
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The method curren tly  being used in our laboratory fo r the synthesis 
of DNA oligomers is  the solid  phase phosphotriester method. This method 
consists of the follow ing steps:
1. Functionalization  of the so lid  support so that the f i r s t  
monomer can be attached to the support.
2. Attachment of a protected monomer to the support.
3. Removal of a specific  protecting group from the attached 
monomer to allow fo r a reactive  s ite  to be uncovered.
4. Coupling of the next u n it (a protected monomer or dimer) to the 
reactive s ite .
Step 3 and 4 are repeated u n til the desired oligomer has been 
assembled. The oligomer is then cleaved from the solid support and 
p u rif ie d .
Any solid  support chosen to anchor the growing DNA chain should 
have the following ch arac teris tics : i t  should be physically stable  
during the synthesis, and i t  should not s ig n ific a n tly  in te rfe re  with the 
reactions that are forming the DNA oligomer or with any of the other 
reagents used during the synthesis. The most commonly used support in 
the phosphotriester method is a styrene-divinylbenzene copolymer. The 
resin  has s u ffic ie n t strength to withstand repeated mixing and 
f i l t r a t io n s ,  yet is  eas ily  permeated by solvents and reagents.
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The DNA oligomer is  constructed by attaching the 3 '-OH group of 
deoxyribose to the so lid  support and by extending the oligomer via  
coupling the incoming units to the 5 '-OH of the deoxyribose (F ig . 1 ).
The 5 '-OH group is  protected with a d im ethoxytrityl (DMT) or a 
monomethoxytrityl (MMT) group. The DMT and MMT group are eas ily  removed 
by various p ro tic  acids, such as tr ic h lo ro a c e tic , d ich loroacetic , or 
benzenesulfonic acids or by the non-protic acid zinc bromide.
The 3 ' -OH and the amino group of adenine, cytosine,and guanine 
nucleotides are protected by a varie ty  of blocking agents including  
te r t -b u ty l,  d ip h e n y ls ity l, acetyl and benzoyl groups added as th e ir  
acid chlorides- These protecting groups can be removed using 
concentrated ammonium hydroxide.
Ribonuclease H
Ribonuclease H (H stands fo r hybrid) was f i r s t  observed by Hausen 
and Stein (Hausen and S te in , 1970) in c a lf  thymus. The enzyme degrades 
RNA s p e c ific a lly  in RNA-DNA hybrid structure. Nucleic acids other than 
RNA-DNA hybrids are not affected to a comparable degree. For instance, 
the enzyme rap id ly  degrades po lyribourid ic  acid i f  i t  is hybridized to  
polydeoxyriboadenylic acid , but not i f  i t  is hybridized to  
polyriboadenylic acid . Experiments with double labelled  RNA-DNA hybrids 
show th at the RNA moiety of the hybrid and not the DNA is s p e c ific a lly  
attacked by the enzyme.
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Figure 1. Chemical Synthesis of Oligonucleotides 
The Phosphotriester Method
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RNase H a c t iv ity  appears to be ubiquitous; i t  was f i r s t  detected 
in crude extraction  of RNA polymerase in c a lf  thymus and la te r  in  
p u rifie d  preparations of onconaviral RNA-dependent DNA polymerase and in 
E. co li (Berkower et a l . , 1973). The enzyme obtained from two sources, 
c a lf  thymus and E. c o l i , are those used most commonly in the 
laboratory. The charac teris tics  of both p u rified  enzymes are s im ila r. 
For maximal a c t iv ity ,  the enzyme requires and the presence of a
sulfhydryl reagent. Magnesium is required between 2 to 4 mM and the 
requirement of Mg'*’  ̂ could be only p a r t ia lly  replaced by Mn'*’^. The 
optimum pH is beween 7 .5 -9 .1 . The a c t iv ity  rap id ly  declines when the 
temperature is  above 70°C. The enzyme is re la t iv e ly  insensitive to s a lt  
and reta ins 50% a c t iv ity  in the presence of 0 .4  M NaCl.
The enzyme acts as an endonuclease and does not require free  3* 
or 5 ' -term in i fo r  a c t iv ity .  The enzyme is capable of digesting more 
than 95% of the RNA in RNA-DNA hybrids producing 5 '-phosphate and 
3 ' -hydroxyl-term inated oligonucleotide products.
Because the s p e c ific ity  of RNase H to the RNA in RNA- DNA hybrid, 
the enzyme is a useful tool to id e n tify  the specific  s ite  of binding 
of cONA to the rRNA in a ribosomal subunit. Under ca re fu lly  controlled  
conditions, i t  should be possible to digest the ribosomal subunit-cDNA 
complex with RNase H, ex trac t the RNA and locate and sequence the new 
fragments created by the enzyme.
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Proposed problem
In 1981, N o ller (N o lle r e t a l . , 1981) suggested th at the region 
between 2607-2610 on the 23S rRNA may be involved in coaxial stacking 
with tRNA; s p e c ific a lly  that G (2607) 18 and G (2608) might be paired 
with the two cytosine residues near the 3 '-term inus of tRNA. The 
purpose of these studies is to prove or disprove th is  suggestion. In 
order to do th is , i t  is  proposed that a probe complementary to the 2607- 
2614 region be chemically synthesized.
The overall method to be used is to synthesize a DNA fragment which 
is complementary to the proposed region and show that by hybridizing  
th is  fragment to the ribosomal subunit and tRNA binding is (or is not) 
affected . Considerable care must be taken to prove that binding is  
occuring only at the specific  region in question.
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CHAPTER I I  
MATERIALS AND METHODS 
Preparation of ribosomes and ribosomal subunits;
Ribosomes were prepared from E. co li s tra in  MRE 600 by the method
of H i l l  (H i l l  e t a l . , 1969). T yp ica lly , 100 grams of c e lls  were 
disrupted by grinding with glass beads (0 .2 5 -0 .3 0  mm in diameter) in a 
minimi 11 fo r 1 hr in a h ig h -sa lt buffer containing 10 mM Tris-HCl pH 
7 .4 , 500 mM NH4 Cl,and 15 mM MgCl2 - The m inim ill container was surroun­
ded by an ic e -s a lt  solution throughout the procedure. A fte r grinding, 
glass beads and unbroken c e lls  were removed from the solution by 
centrifugation  at 8,000 RPM fo r 10 min in a Beckman J-21 ro to r. The 
supernatant was centrifuged at 16,000 RPM fo r 1 hr in the same rotor 
(low speed c e n trifu g a tio n ). The resu lting  supernatant was removed and 
then centrifuged at 50,000 RPM fo r 3 hr in a Beckman Ti 60 ro to r (high 
speed cen trifu g a tio n ). The p e lle t was then resuspended overnight in 
the same h ig h -sa lt b u ffe r. The low speed centrifugation  was repeated
and the resu lting  supernatant was pelle ted  again at high speed. The
p e lle t  was resuspended in  a low -salt buffer containing 10 mM Tris-HCl 
pH 7 .4 , 100 mM KCl, and 1.5 mM MgCl2  in order to dissociate the 
ribosome into  i ts  constituent 30S and 50S subunits.
The ribosomal subunits were separated by centrifugation  at 31,000 
RPM fo r 14 hr through a 10-30% sucrose gradient containing 10 mM 
Tris-HCl pH 7 .4 , 100 mM KCl, and 1.5 mM MgCl2 * Fractions were collected  
in  a Gilson fra c tio n  co lle c to r and analyzed fo r absorbance at 280 nm.
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The frac tion s  corresponding to 50S and 30S subunits were pooled and 
prec ip ita ted  with 3 volumes of EtOH. The p e lle t was resuspended in a 
small volume of low -sa lt buffer and dialyzed overnight against the same 
b u ffe r. The subunits were stored in small aliquots at -70^C.
The homogeneity of the ribosomes was analyzed by sedimentation 
ve lo c ity  measurements using a Beckman Model E an a ly tica l u ltracen trifu g e
Preparation of Tight-Couple Ribosomes;
Tight-couple ribosomes were separated from crude ribosomes by 
centrifugation  at 25,000 RPM fo r 6  hr through a 5-20% sucrose gradient 
containing 20 mM Tris-HCl pH 7 .5 , 6  mM MgCl2 , 100 mM NH4 C I, and 10 mM 
mercaptoethanol. Fractions corresponding to 70S tight-couple  
ribosomes were pooled and prec ip ita ted  with 3 volumes of EtOH. The 
p e lle t  was resuspended in 100 mM NH4 CI and 10 mM MgCl2  and dialyzed  
against the same buffer (Herr e t a l . , 1979).
Preparation o f Complementary DNA oligomers:
The 5' dTAGGGACC complementary to the 2607-2614 region on the 23S 
rRNA were chemically synthesized using the phosphotriester approach.
The nucleotides were purchased from Bachem and the reagents fo r the 
coupling steps were prepared as described on a Bachem DNA In tsruction  
Manual. The dimer (50 mg) was dissolved with pyridine (1 ml pyrid ine/50  
mg dimer) and triethylam ine was added (1 ml tr ie th y l amine/50 mg dim er). 
The solvents were evaporated a fte r  1 hr with high vacuum. The residue 
was dissolved in pyridine (2x1 ml pyrid ine/50 mg dimer) and evaporated 
to a foam. The monomer (25 mg) was dried by co-evaporation with
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puridine (2x1 ml pyrid ine/50 mg monomer).
twenty m illigram s of the 3' monomer attached to the polystyrene 
resin  were placed in a reaction vessel• The tube was then connected to  
a nitrogen tank and the pressure was set a t 6 - 8  ps i. The assembly of 
oligonucleotides on a polystyrene support followed the protocol outlined  
below.
STEP SOLVENT/REAGENT VOL. TIME REPEATS
ml min
C irculate water through rx vessel at 45^C.
1. Wash CH2 CI2 -IPA I  0.1 3
2. D e tr ity la tio n  ZnBr2  (1 M) 1 0.1 2
1 I  3-4
3. Wash CH2 C I2 -IPA 1 0.1 3
Repeat 2 and 3 : Ix each to see i f  any color developes.
4. Wash 0 .5  M TEA-Ac DMF 1 0 .2  3
(removal of Zn'*’^)
5. Wash A c e tro n itr ile  1 0.1 3
6 . Drying N2  3
7. Coupling Mononucleotide 0 .3 *  15 1
Dinucleotide 0 .3 *  15 1
8 . Wash Pyridine 1 0.1 2
9. Acétylation THF-pyridine, 0 .2  M DMAP
(add 0 . 2  ml AC2 O) 1 5  1
10. Wash Pyridine 1 0 .1  1
Repeat from step 1 or stop i f  i t  is the la s t coupling.
*0 .3  ml of the coupling reagent (0.3M M es ity le n e -3 -n itro tia zo le , MSNT,
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in pyrid ine) was added.
(IPA = isopropanol, TEA-Ac = tr ie th y l ammonium acetate, THF = 
tetrahydrofuran, DMF = dimethylformamide, DMAP = dimethylaminopyridine 
Ac2 Û = acetic anhydride)
The resu ltan t DNA was cleaved from the resin by adding 300 ul 0 .5  M 
tetram ethylguanidinium-2-pyrid1ne aldoximate. The reaction was kept at 
40^C fo r 1 day and then f i l te r e d  through a small cotton plug in a 
Pasteur p ip et. The resin was washed a lte rn a te ly  with pyridine and 
ethanol (2x1 ml each wash). The f i l t r a t e  was concentrated under vacuum 
at 40°C to an o il  and dissolved in 28-30% ammonium hydroxide. The 
solution was kept at 40-50^0 fo r 4 hr. The solution was then evaporated 
and the residue was dissolved in 1 ml water, extracted with ether ( 6 x 1 
m l). The aqueous solution was p u rified  on Sephadex G-25 column. The 
optical density of each fra c tio n  was measured at 260 nm.
The fractions containing the DNA were evaporated to dryness on a 
Rotary Evaporator (Buchler Instruments). The DNA s t i l l  had the DMT or 
MMT group on the 5 ’ -end which was removed by 80% acetic acid (1 m l).
The reaction was kept at room temperature fo r 40 min and evaporated.
The residue was resuspended in water (1 ml) and extracted with ether 
(6x1 m l). The DNA was fu rth e r p u rified  by 20% polyacrylamide gel 
electrophoresis. The DNA was excised from the gel and eluted with 0.6  
ml e lu ting  solution (containing 0 .5  M ammonium acetate, 0.01 M 
magnesium acetate , 0.1% sodium dodecyl su lfa te  and 0.1  mM EDTA) as the 
method described by Smith (Smith, 1980).
5 ' -End-Labelling of Complementary DNA oligomers:
2 0
The p u rifie d  ONA was labelled  at the 5 '-end with [Y - ^^P]ATP (New 
England Nuclear) and T4  polynucleotide kinase (Bethesda Research 
Laboratories) by the method of Chaconas and Van de Sande (Chaconas and 
Van de Sande, 1980) with an omission of the dephosphorylation step. The 
end-labe lling  reaction was d ilu ted  to 50 ul by the addition of s a lt  
solutions to a f in a l concentration of 50 mM Tris-HCl pH 8 . 8 , 5 mM 
MgCl2 * 10 mM d ith io th re it o i , 1 mM spermidine, a 5-10 fo ld  molar excess 
of [Y-32p]ATP (2900 Ci/mmole), and 5 units of T4  polynucleotide kinase. 
The reaction mixtures were incubated at 37^C fo r 30 min.
Radiolabelled products were extracted with phenol and p u rified  by 
the PREPAC mini-column (an ion exchange resin that can q u a n tita tiv e ly  
bind nucleic acids in low s a lt (0 .1 -  0 .5  M NaCl) and release them 
q u a n tita tiv e ly  in high s a lt (0 .7 -2 .0  M NaCl); purchased from Bethesda 
Research Laboratories). The labelled  cDNA samples were stored frozen 
at -70°C.
Binding of Complementary DNA Oligomers to 50$ subunits;
50S subunits were incubated with labelled  cDNA in 50 ul binding 
b uffer containing 10 mM Tris-HCl pH 7 .4 , 60 mM KCl, and 10 mM MgCl2  at 
4^C overnight. The reaction mixtures were then f i lte re d  over 
n itro c e llu lo s e  papers and washed with 5x1 ml of binding buffer to remove 
the unbound probes. The f i l t e r s  were dried and the bound ra d io a c tiv ity  
was determined by a liq u id  s c in t i l la t io n  counter.
Cleavage of RNA-DNA Heteroduplex region with RNase H:
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SOS ribosomal subunits were incubated with the cDNA probes and the 
RNA-DNA hybrids were digested with RNase H. The protocol fo r digestion  
was adapted from that outlined by Donnis-Kel1er (Donnis-Keller, 1979). 
The reaction mixture (20 p^)  contained 30-50 ug 60S subunits, 40-50 /jg  
cDNA probe, and 1-3 units RNase H (P-L Biochemicals) in 40 mM Tris-HCl 
pH 7 .9 , 4 mM MgCl2 , 1 mM DTT, and 0 .0 3 yug/^1 BSA. The sample was 
incubated at 4°C overnight. The remaining RNA fragments were extracted  
from the mixture by phenol ex trac tio n . The RNA fragments were 
resuspended in 20 /j1 urea-dye mixture containing 8  M urea, 0.025% xylene 
cyanol, and bromophenol blue and then electrophoresed fo r 4 hr at 12.5 
mA 26 in a 4.8% polyacrylamide gel containing 7 M urea, 89 mM 
Tris-Borate pH 8 .3  and 10 mM EDTA.
The RNA fragments were v isualized  by staining fo r 2 hr in a 
solution containing 0.5% methylene blue, 200 mM acetic acid , and 200 mM 
NaAc a fte r  which they were destained in d is t i l le d  water.
Preparation of tRNAfhe.
tRNAfhs was purchased from Sigma in a lyophilized  form. The 
residue was dissolved and dialyzed against a buffer containing 10 mM 
Tris-A cetate pH7.8, 14 mM Mg(0 Ac)2 , 60 mM K(OAc), and 0.1 mM DTT.
1.25 fig of tRNAf^G (50 pmol) were dissolved in 25 yul of buffer 
containing 250 mM T ris -H C l, pH 7 .5 , 50 mM MgCl2 , and 0.1 mM ZnCl2 - 0.1  
u n it of c a lf  thymus a lk a lin e  phosphatase (P-L Biochemicals) was added 
and the reaction was incubated at 37°C fo r 30 min. The reaction was 
stopped by heating at 65°C fo r 20 min.
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The reaction was cooled to 37®C and 6.5 ul of the buffer containing  
250 mM Tris-HCl pH 7 .5 , 50 mM MgCl2 , 25 mM DTT, 5 fo ld  molar excess of [Y 
-32p]ATP, and 5 units of polynucleotide kinase were added. The 
reaction was incubated a t 37°C fo r 30 min.
The labelled  tRNAP^e products were extracted with phenol and 
p u rified  by the PREPAC mi n i-column. The labelled  tRNAP^c was 
prec ip ita ted  with 3 volumes EtOH and resuspended in 100 jul d is t i l le d  
water and stored a t -70°C.
Binding of tRNAP^e to Tiqht-Couple Ribosmes:
The binding of tRNAphe to tigh t-coup le ribosomes was performed as 
outlined by Douthwaite (Douthwaite et a l . , 1983). The labelled  tRNAP^® 
were incubated in 100 p i of 50 mM sodium cacodylate, pH7.2, 16 mM MgCl2 , 
120 mM KCl, and I  mM DTT with 30 pmol ribosomes and 20 /jg poly(U ), at 
4*̂ C overnight. The reaction mixtures were then f i lte re d  over 
n itro ce llu lo se  papers and washed with 5x1 ml of the same b u ffe r. The 
f i l t e r s  were dried and the bound-tRNAs were determined by counting the 
ra d io a c tiv ity  with a liq u id  s c in t i l la t io n  counter.
In v itro  Protein Synthesis:
The methodology was adapted from Traub (Traub et a l . , 1971). The 
incorporation of [^^C] phenylalanine into trich lo ro a ce tic  acid 
p rec ip itab le  polypeptides was carried  out in a f in a l volume of 150 u l.
The reaction mixture contains; 75 / j 1 Solution I (10 mM T r is , 30 mM 
NH4 C I, 10 mM MgC1.2f and 6  mM mercaptoethanol) containing 70 jug 30S
and 140 ug 50S subunits; 3 ul of pyruvate kinase (1 mg/ml); 10 ul of
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enzyme fraction s  (70-100 /jg of p ro te ins); 5 ul of [^^C] phenylalanine 
(10 C i/m o le ,1.5 mM); 10 / j 1 poly(U) (4 mg/ml); and 45 / j 1 of Mix I (300 
/j1 of Mix I contains 5 yul Tris-HCl (IM , pH 7 .4 ) ,  5 yul of 1 M Mg(0 Ac)2 ,
20 yul of IM NH4 C I, 10 / i l  of a mixture of a l l  amino acids except tyrosine  
at 10 mM, lOyul of 5 mM tyros ine , 14.5 / i l  of 70 mM ATP, 3 yul of 10 mM 
GTP, 3 yul of 1.2 M mercaptoethanol, 1 yul of 1 M DTT, 50 yul of 90 mM 
phosphoenopyruvic acid , and 50 yul of tRNA mixture (20 mg/ml), and 133.5 
yul of d is t i l le d  water.
The mixtures were incubated at 37°C fo r 10 min in the absence of 
poly(U ). The polyphenylalanine incorporation was then started by the 
addition of the tem plate. The reaction mixtures were fu rth e r incubated 
fo r 60 min at 37^C, 150 yul of IM NaOH was added and incubated fo r 5 min 
at 37°C. The reaction was stopped by the addition of 2.5 ml of 5% t r i ­
chloroacetic acid and f i l te r e d  into n itro ce llu lo se  papers. The f i l t e r s  
were dried and the ra d io a c tiv ity  was measured.
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CHAPTER I I I  
RESULTS
Preparation of Tight-Couple Ribosomes;
Three peaks came out separately from the 5-20% sucrose gradient 
a fte r  cen trifugation  at 25,000 RPM fo r 6  hr (F ig . 2 ) . The peaks 
correspond to tight-couple ribosomes, 50S, 30S subunits, respective ly . 
The 50S and 30S subunits, dissociated from the loose-couple ribosomes 
at 0 .6  M were found in equimolar q u an tities . The fractions under
the peak corresponding to the tight-couple ribosomes were pooled and 
prec ip ita ted  with 3 volumes ethanol. The s a lt concentration was then 
raised to 10 mM Mg^  ̂ to increase the s ta b il i ty  of the tight-couple  
ribosomes. These were then stored at -70^C u n til needed.
Preparation of Complementary DNA Oligomers;
The p a r t ia lly  p u rified  DNA oligomers were eluted from the Sephadex 
G-25 column in the void volumn (the leading peak. Fig. 3) and were 
fu rth e r p u rifie d  by 20% polyacrylamide gel electrophoresis. A single  
band appeared on the gel ind icating  the p urity  of the cDNA sample 
(F ig . 4 ) .  Approximately 600-800 ug of the cGNA oligomers were 
obtained a fte r  the p u rific a tio n  steps.
The p u rifie d  DMAs were end-labelled at the 5 ' -end as described in 
M aterials and Methods. The p u rity  of the labelled  products was shown by 
gel electrophoresis. No degraded fragments were detected.
Binding of Complementary DNA Oligomers to 50S Subunits;
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GRADJENT PREPARATION OF TIGHT-COUPLE RIBOSOMES
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Figure 2. Sucrose gradient preparation of tight-couple ribosomes from 
crude ribosomes. Centrifugation was in 5-20% gradient for 6  hr at 4  0  
in 20 mM Tris-HCl pH 7.5, 100 mM NH-Cl, 10 mM mercaptoethanol, and 6  mM 
MgClg as described in Materials and Methods. Fractions corresponding to 
the tight-couple 70S ribosomes (fractions 8-12) were pooled and precipi­
tated in 3 volumes of EtOH. The pe lle t was resuspended in 100 mM NH.Cl, 
10 mM MgClg and dialyzed overnight in the same buffer.
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Figure 3. P u rifica tio n  o f oligonucleotide 5' dTAGGGACC by Sephadex G-25 
column. The p a r t ia lly  p urified  cDNA probe was eluted from the column 
with 0,01 M TEAB ( tr ie th y l ammonium bicarbonate). The fractions corres­
ponding to the cDNA probe (fractions 11-15) were pooled and evaporated 
to dryness on the ro tary evaporator. The residue was resuspended in 1 ml 
d is t il le d  water and fu rther purified  by polyacrylamide gel electrophore­
sis.
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Figure 4. Gel electrophoresis o f oligonucleotide 5' dTAGGGACC. 20 /jg of 
cDNA samples were resuspended in 20 /j1 of urea-dye mixture containing 8  M 
urea, 0.025% bromophenol b lue, 0.025% xylene cyanol and electrophoresed 
at 40 mM constant current fo r  50 min on 20% polyacrylamide gel. A fter 
electrophoresis, the cDNA was visualized by staining fo r 2 hr in a so lu t­
ion containing 0.5% methylene blue, 200 mM acetic ac id , and 200 mM sodium 
acetate a fte r  which i t  was destained in d is t i l le d  water.
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The binding of the cONA probe to the 50S subunits is shown in Fig .
5. Binding was demonstrated by f i l t e r in g  the reaction mixtures 
containing labelled  probes and 50S subunits through a n itro ce llu lo se  
f i l t e r  and counting the resu ltan t bound ra d io a c tiv ity  using the liq u id  
s c in t i l la t io n  counter. The binding was found to saturate when about 50% 
of the subunits were bound. Excess concentration of the labelled  probe 
to the subunits was added (100-800 pmol probes/50 pmol 50S subunits) to 
insure maximum binding. Moreover, low temperature (0-4°C) was preferred  
during the incubation to prevent the probes from bouncing on and o f f .  
However, i t  has been found that at 37°C the probes s t i l l  bound 
s ig n ific a n tly  to the subunits, although higher amounts of probes were 
required fo r maximum binding (F ig . 6 ) .  The cDNA oligomers have 
purposely been kept to less than ten nucleotides in length to avoid any 
topological hindrance that may occur upon hybridization of the cDNA 
probe to  the subunit.
Unlabelled cDNA oligomers were also used to compete with labelled  
probes. As shown in Fig . 7 the addition of unlabelled 5' dTAGGGACC 
caused a decrease in binding of the labelled probes to 50S subunit.
This experiment suggests th at the cDNA binds to lim ited s ites  on the 50S 
subunits. However, the location of probe binding has not yet been 
proved.
29
(2607-2614) PROBE BINDING ASSAY
0 .60
to
o
to
o
£
o  “ • »
s
8 Ë
O
z
0 . J 0
0 woo200 600 600
PMOL LABELLED PROBE
Figure 5. F il te r  binding of cDNA 5' dTAGGGACC to 50S subunits, 2  Chem­
ic a lly  synthesized cDNA probe was labelled at the 5 '-end with P and 
incubated with 50S subunits overnight at 4 C in 50 jul binding buffer 
(10 mM Tris-HCl pH 7 .4 , 10 mM MgClg, 60 mM KCl). The reaction mixtures 
contained SO pmol SOS subunits and increasing concentration of labelled  
probe. Following incubation the reaction mixtures were f ilte re d  throu­
gh n itr ic e llu lo s e  and washed S times with 1 ml binding buffer. The 
f i l t e r s  were dried and the bound rad io ac tiv ity  was determined by liqu id  
s c in tilla t io n  counter.
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Figure 6 . cDNA probe binding to 50S subunits a t 4° and 37 C. 50 pmol 50 
S subunit were incubated w ith increasing concentrations o f lab e lled  probe 
in^50>ul binding b u ffe r (see F ig . 4) overnight a t 4 C ( * )  or 30 min a t 
(o j37°C
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Figure 7. Competitive displacement of bound radioactive probe. 50 pmol 
50S subunits containing 600 pmol labelled cDNA were incubatgd with 
increasing concentration of unlabelled probe overnight a t 4 C in binding 
buffer. Displacement of labelled cDNA was assayed by f i lte r in g  the 
reaction mixtures over n itrocellu lose and counting.
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In order to id e n tify  the s ite (s )  where the probe bound, the RNA-DNA 
heteroduplex was treated with RNase H. I t  was found that even with 
abundant amounts of RNase H present, the digestion was not as good as 
would be expected. Nevertheless, four new fragments were created by 
RNase H digestion which were not found in the control lane (F ig . 8 ) .  
These new fragments obtained from the digestion indicate that the 
complementary probe may be bound to two d iffe re n t RNA regions. Indeed, 
the fragments were approximately the sizes that one would expect i f  the 
RNA were cut at both the 1350 and 2600 regions, both of which are 
complementary and single stranded. However, i t  was not possible 
to obtain s u ffic ie n t amounts of any of the fragments to iso la te  and 
sequence. Therefore, i t  was not possible to c e r t ify  the binding s ite (s )  
by RNase H experiment alone. Nonetheless, some im plication can be 
deduced and w ill  be discussed in the next chapter.
Binding of tRNA to Tight-Couple Ribosome:
Under the conditions described in M aterials and Methods, tRNA was 
s ig n ific a n tly  bound to the tight-couple ribosomes. The binding was 
determined by counting the ra d io a c tiv ity  of bound-tRNA on a 
n itro c e llu lo se  paper. The binding was found to saturate when 35-40% of 
tight-couple 70S ribosomes were bound (F ig . 9 ) .
Two kinds of experiments were performed. In the f i r s t  experiment 
e ith e r tRNA or cDNA was lab e lled . Binding of labelled  tRNA in the 
presence and absence of unlabelled cDNA probes are shown in Fig. 9 . To 
ensure th at probes were in th e ir  places to in h ib it  tRNA i f  they were
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Figure 8 . RNase H digestion of cDNA-50S complex. 20 /jg of the complemen­
tary  probe was incubated with 2 0 >ug 60S subunits and 3.5 units RNase H in 
a 20 reaction containing 40 mM Tris-HCl pH 7 .9 , 10 mM MgCl., 60 mM KCl 
and 1 mM DTT overnight a t 4 C. A fte r incubation, the RNA fragments were 
extracted 3 times with b u ffe r-eq u ilib ra ted  phenol. RNA in the aqueous 
phase were precip itated  with 3 vol of cold 95% EtOH, pelleted and resus­
pended in 20 yUl 8  M urea, 0.025% bromophenol blue, and 0.025% xylene cynol 
cyanol. The sample was electrophoresed on 4% polyacrylamide gel contain­
ing 7 M urea, 89 mM Tris-borate pH 8 .3 , and 10 mM EDTA fo r 4 hr a t 12.5 
mA. The RNA fragments produced by RNase H digestion are labelled  "a".
"b". "c", and
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Figure 9. tRNA  ̂ binding to tight-couple ribosomes in the presence of 
cDNA. 30 pmol tight-couple ribosomes were incubated with increasing 
concentration of labelled tRNA in the presence (so lid  lin e ) and absence 
(dashed lin e ) of 800 pmol unlabelled 5' dTAGGGACC probe. 100 yul reaction  
mixtures contained 50 mM sodium cacodylate pH 7 .2 , 16 mM MgCl?, 120 mM KCl 
1 mM DTT, and 5 mg/ml poly(U) (tRNA binding buffer) and were incubated 
overnight a t 4 C. tRNA binding was assayed by f i l te r in g  over n itro c e llu ­
lose and counting.
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bound to the same sp ec ific  s ite ,  the probes were preincubated with the 
ribosomes at 4°C overnight before tRNA was added. The presence of the 
probes caused no s ig n ific a n t decrease in tRNA binding although 30 times 
as much probe as tRNA was added to the reactions.
In ad d itio n , binding of labelled  cDNA in the presence and absence 
of unlabelled tRNA were determined. As shown in Fig. 10 tRNA did 
not in h ib it  the cDNA in binding to the ribosomes (F ig . 10). In th is  
experiment, tRNAs were preincubated with the ribosomes at 4^C fo r 2 hr 
before the addition of the cDNA probes. The binding of cDNA probes was 
found to be saturated when about 50-55% of ribosomes were bound and when 
no tRNA was present. No s ig n ific a n t decrease in binding of cDNA to 
ribosome was detected when tRNA was bound to ribosome.
In the second type of experiment, both tRNA and cDNA were lab e lled . 
The resu lts  (Table 1) c le a rly  ind icate that tRNA and cDNA can bind to 
the ribosome even in the presence of each other. No mutual in h ib itio n  
was detected suggesting d iffe re n t binding s ites on the ribosome for the 
tRNA and cDNA probe.
In v itro  Protein synthesis:
Table 2  shows the protein trans la tion  a c t iv ity  of the ribosomes in 
the presence and absence of the cONA probe. There was no decrease in  
tra n s la tio n a l a c t iv ity  when the complementary probe was added to the 
reaction . This indicates that cDNA-50S subunit complex is as active  
as the unbound 50S subunit in protein  tra n s la tio n . From th is  i t  can be 
concluded th at the rRNA region(s) in which the cDNA probe bound is 
not a functional s ite  in protein synthesis.
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PROBE BJNDJNG ASSAY WITH T-RNA PRESENCE
0 .60
200 UOO 600
PMOL LABELLED PROBE
800
Figure 10. cDNA probe binding to tight-couple ribosomes in the presence 
of tRNA. 30 pmol tight-couple ribosomes were incubated with increasing 
concentration of labelled cDNA probe in the presence (solid  lin e ) and 
absence (dashed lin e )  of 60 pmol unlabelled tRNA. 100 jul reaction 
mixtures containing tRNA binding buffer (see Fig. 9) were incubated 
overnight a t 4 C. The binding of cDNA to the ribosomes were determined 
by nitrocellu losed f i l t e r  assay.
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TABLE 1
REACTION CPM MOLAR RATIO
1. 60 PMOL LABELLED tRNA 5764 0.40
+ 30 PMOL RIBOSOMES
2. 1200 PMOL LABELLED cDNA 14002 0.58
+ 30 PMOL RIBOSOMES
3. 60 PMOL LABELLED cDNA 19420
+ 1200 PMOL LABELLED cDNA 
+ 3D PMOL RIBOSOMES
Table 1. Binding o f tRNA and cDNA to tight-couple ribosomes. 30 pmol o f 
tigh t-coup le ribosomes were incubated with 60 pmol labelled  tRNA (1) or 
1200 pmol labelled  cDNA probe (2) or both (1) + (2 ) in 100 yul tRNA binding 
buffer overnight a t 4 C.
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TABLE 2
REACTION CPM % CONTROL
1. CONTROL (W.O PROBE) 1605 100
2. PROBE (2607-2614) 1631 102
Table 2. Poly (U )-d irected  poly-phe synthesis in the presence of the 
cDNA probe. 75 pmol 30S and 75 pmol 50S subunits were incubated in an to 
xo tra n s la tio n  reaction . Poly-phe synthesis was assayed by monitoring
C-phe incorporation into TCA p rec ip itab le  polymers.
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CHAPTER IV 
DISCUSSION
In th is  study, i t  was shown that the oligonucleotide 5' dTAGGGACC 
which is complementary to the 2607-2614 base region on 23S rRNA, bound 
to 50S subunits. Results indicated that the complementary probe may 
be bound to at least two d iffe re n t rRNA regions. However, the exact 
location of the binding s ite (s )  has not yet been c le arly  demonstrated. 
The functional studies of the rRNA region(s) to which the complementary 
probe bound was investigated by looking d ire c tly  at tRNA binding. The 
resu lts  showed that th is  region(s) is (are) not a functional s ite  in 
tRNA binding. Moreover, prelim inary studies using an in v itro  protein  
synthesis assay suggested that th is  region(s) did not play a p rin c ip le  
ro le  in protein  tra n s la tio n .
Binding assays of cDNA probes to ribosomal subunits can be 
performed in two d iffe re n t ways. F irs t ,  one can use a sucrose gradient 
to show that the binding occurred on the subunit. Although the amount 
of binding using th is  method is re la t iv e ly  low, i t  is quite graphic and 
c le a rly  shows where binding occurs.
The f i l t e r  binding assay is more rapid and gives a much c learer  
ind ication  of the amount of to ta l binding a c t iv ity .  The binding is 
determined by counting the radio labelled  probe-subunit complex which 
adheres to the f i l t e r .  I f  the binding of the probe to the subunits 
asym ptotically approaches a constant value, th is  indicates th at the 
probe binds to lim ited  s ites  on the subunits.
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The resu lts  of the binding studies showed that the binding of the 
cDNA to 50S subunit was sp ec ific  to lim ited  s ites on the subunits. 
Nevertheless, stoichiometry of the cONA bound per 60S subunit was only 
0 .5 5 . The possible reasons why the hybridization was not a 1:1 ra tio  
may be ( 1 ) d if f ic u l ty  of binding such a small oligomer, ( 2 ) presence of 
non-active 50S subunits, and (3) s te ric  hindrance causing by the 
neighboring p ro te in (s ) i f  there is any present.
RNase H studies were used to id e n tify  the s ite (s ) where the probe 
bound. Although in th is  study i t  was not possible to obtain s u ffic ie n t  
amounts of the fragments to iso la te  and sequence, some implications can 
be deduced. According to the computer assisted searches there are eight 
d iffe re n t s ites  on the 50S subunit that have p a rtia l complementary (5 
bases or more) to the cDNA probes (excluding the 2607-2614 reg ion). Of 
these eight s ite s , f iv e  of them are double stranded regions and 
apprently only three have s u ffic ie n t single strandedness to allow  
complementary binding with the cDNA probe (see Fig. 11a,b): the 
region between bases 1002-1007; 1348-1352; and 2786-2790. The most
l ik e ly  candidate fo r binding is the pentameric region from 1348- 1352
which has an open structure whereas the other two regions contain 
p a rtia l double stranded regions with two C-G base pairs each and have
less than four bases in single stranded regions.
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Figure l i a ,  b. 
(N o lle r, 1984).
Secondary structure model of 23S rRNA ( Eft c o ll ) 
region 2607-2614
complementary regions (5 bases or more) 
possible binding regions
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The region 2607-2614 also contains p a rtia l double stranded 
region. However, i t  has more single stranded region ( 6  out of 8  bases) 
which w il l  allow the breaking of double stranded region when the probe 
is added. From th is , i t  can be concluded that there are two lik e ly  
binding regions present on the 50$ subunit: the 2607-2614 and the
1348-1352 regions. The four fragments obtained from the RNase H 
digestion suggested that the complementary probe may be binding to both 
regions. The fragments appeared to be about 2600, 300, 1350, and 1550 
bases long. Nevertheless, the stoichiometry of the binding fo r each 
region cannot be determined.
The id e n tif ic a tio n  of the binding sites on the ribosome using 
RNase H was not very successful due to the in e ff ic ie n t digestion by the 
enzyme. However, Tapprich (unpublished data) has shown that RNase H was 
quite e f f ic ie n t  in digesting the RNA-DNA hybrids (region 789-795 on 
16S rRNA). This d ifference may be explained by the fac t that those 
regions are s tru c tu ra lly  d if fe re n t , according to the secondary structure  
proposed by N oller (N o lle r , 1984). The region between bases 789-795 on 
16S rRNA is a stem-loop region in which the rRNA may be to ta l ly  exposed 
on the subunit surface. On the contrary, the possible s ites where the 
probe bound in th is  study (regions 2607-2614 and 1348- 1352) are 
non-stem-loop regions in which some s te ric  hindrance due to the 
presence of the neighboring proteins is possible.
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In order to overcome th is  problem, an a lte rn ate  method, such as the 
use of reverse transcriptase may be pursued. Using th is  approach the 
probe is modified with a specific  ribonucleotide such as u rac il at one 
end which is bound to an agent capable of crosslinking to the specific  
rRNA regions. I f  crosslinking occurs, the precise position of the 
pho toaffin ity -n uc leo tid e  could be id e n tifie d  by using reverse 
transcriptase since reverse transciptase would pause or h a lt at the 
modified nucleotide. Additional fragments would be obtained and the 
resu ltan t tra n s crip t could be isolated and sequenced to precisely  
specify the adjacent region of the s ite  in question.
In the tRNA binding studies, i t  was shown that tRNA bound to the 
ribosome in a molar ra t io  of 0 .4 -0 .4 5 . The tRNA specie being used was 
the tRNAPhe (deacylated tRNA) in which the binding to the ribosome 
appeared to occur at the P s ite  (Nierhaus, 1982).
The resu lts  showed that the oligonucleotide 5* dTAGGGACC did not 
block the binding of tRNA to the ribosome nor did the tRNA in h ib it  
binding of the probe to the subunit. Since i t  appeared that one of 
the binding s ites  where the probe bound was the 2607-2614 region on 23S 
rRNA, i t  may be fu rth e r concluded that th is  region was not a functional 
s ite  in tRNA binding.
This conclusion was d iffe re n t than the suggestion made by Noller 
(N o lle r e t a l . , 1981) that bases 2607-2609 were involved in tRNA 
binding. In fa c t , the im plication that the region between bases 
2607-2614 on 23S rRNA was a part of the tRNA binding s ite  was made on
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the basis th a t 1) th is  region contains the GGU sequence which can 
s p e c ific a lly  bind to the complementary 3 ' -term ini CCA of tRNA molecule 
and 2) th is  region is  in the IIS  rRNA fragment (comprising the 110 
nucleotides at the 3 '-end of 23S rRNA) which has been indicated by 
p h o to a ffin ity  la b e llin g  as being an important part of the ribosomal 
peptidyl transferase center (Barta and Kuechler, 1983). Moreover, the 
2607-2614 region is  located in the central loop domain V of 23S rRNA 
which appears to be a very active region involved in ribosomal function  
(Barta et a l . , 1984).
Genetic studies of resistance to chloramphenicol and erythromycin 
have demonstrated th at several mutants exhibited single base changes 
in the central loop region of domain V (Dujon, 1980; Kearsey and Craig, 
1981; Blanc e t a l . , 1983). Several active kethoxal-altered guanine 
nucleotides were also found in th is  loop region.
Comparison studies of ribosomal RNA sequences from various sources 
have shown that the central loop region was s tru c tu ra lly  extremely 
conserved throughout the evolution (Branlant et a l . , 1981; N o lle r,
1984) . However, i t  was found that the region between bases 2607-2614 
was not completly conserved (F ig . 13). In fa c t , only the GU sequence 
(position  2608-2609) was conserved, so N oller and co-workers have looked 
fo r other tRNA binding s ites  which are completly conserved and no longer 
fee l th a t region 2607-2614 is involved in tRNA binding (N o lle r, 
personal communication). One highly-conserved region (bases 803-810 on 
the 23S rRNA) has now been postulated to play a ro le  in tRNA binding by
46
2050
C C C 6 C 6  G V a g a
G C G U G C C G U C U  
2620 *
;
u C 25S 0-Ü  •
2480 _
I C
_ C U 6 A U A C C G C CI t a a t a f l * * * *
C G G U U G U G G C G G
2500
2470
I
A G  A
G C U 
I
2480
2520
A U C C U G G C G C  
•  •
W G A
U G G A U
2530/
A
G
Figure 12. Secondary 
model of Noller e t a l . 
évolution; s ites of base 
ni col (A  ) and
structure domain V of 233 rRNA according to the 
Boxed sequences are highly conserved throughout 
changes resulting in resistance to chloramphe- 
erythromycin ( * )  in mitochondrial RNAs from mammals.
47
th is  group (Barta et a i . )
Prelim inary stydies of in v itro  protein synthesis was also in 
agreement with the tRNA binding studies that the region between bases 
2607-2614 was not a functional s ite  fo r tRNA binding.
There has been no function postulated fo r the region comprising 
bases 1348-1352. Inasmuch as tRNA binding is not affected when the 
probe is present, we can assume that the region is not used in tRNA 
binding. Furthermore since prelim inary studies of protein synthesis 
a c t iv ity  showed no decrease upon addition of probe, i t  could be 
suggested th at th is  region has no function in protein synthesis.
A ll of the above arguments are based on the assumption that since 
approximately h a lf the 50S subunits bind the cDNA probe, and since only 
the four new additonal fragments appear when the complexed subunit is  
treated with RNase H, therefore the probe is most l ik e ly  binding to two 
regions. However, i t  is not c lear from th is  study to what extent e ith er  
s ite  is being blocked by bound probe. Nevertheless i t  can be assumed 
that i f  both s ites  are equally av a ilab le , in perhaps one in four 
subunit, the specific  s ite  (e ith e r the 2607 or 1348 region) would be 
blocked. Thus i f  e ith e r s ite  were used in e ith er tRNA binding or were 
necessary to protein synthesis, we should see the decrease in binding or
synthesis a c t iv ity  to th at degree. Since none is observed we can
conclude, although with some h es ita tio n , that neither of these s ites  are
necessary to e ith e r protein synthesis or tRNA binding.
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Further studies using d iffe re n t methods may be able to c la r ify  th is  
matter by pinpointing the exact cDNA binding s ite (s ) and determining 
the amount of binding taking place. At th is  time i t  is only possible to 
conclude th at these two sites are not heavily involved in protein  
biosynthesis.
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